PATENT 



METHOD AND SYSTEM FOR 



MULTI-SENSOR SIGNAL DETECTION 



TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to imaging systems, and more particularly 
to a method and system for multi-sensor signal detection. 

BACKGROUND OF THE INVENTION 

Imaging systems, such as digital cameras, satellites, and image scanners, operate 
by converting electromagnetic energy from a source image to an electronic, i.e., digital, 
representation, of an image. The source image could be an actual view, such as a 
landscape, satellite image, and the like, or embodied in a physical form, such as a 
photograph, film, picture, document, and the like. In many applications, the 
electromagnetic energy used to convert the image into a digitized image is visible light, 
however, infrared, microwave, and other suitable types of electromagnetic energy are also 
be used to create the digitized image. 

Imaging systems generally include a number of optic sensors. The sensors 
measure the intensity of electromagnetic energy within a specific bandwidth of the 
electromagnetic spectrum. Each sensor generally comprises a color filter and a 
photodetector, such as a charge-coupled device, phototransitor, photoresistor, and the 
like. The photodetector produces an electrical signal that is proportional to the intensity 
of electromagnetic energy striking the photodetector. The color filter blocks all 
wavelengths of light in the visible electromagnetic spectrum except a specific bandwidth. 
For example, in a red sensor a red filter blocks all other wavelengths of light in the visible 
spectrum except for the wavelengths of light associated with the color red. Accordingly, 
only the red bandwidth of light from the source image is measured by the red sensor. 

The sensors are generally geometrically positioned in arrays such that the 
electromagnetic energy striking each sensor corresponds to a distinct location in the 
source image. Accordingly, each distinct location of the source image corresponds to a 
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distinct location, Qxel, in the digitized image. In colourations, the electronic 
imager comprises an array of color optic sensors relating to one of the three primary 
colors - red, green, and blue. The intensity of red, green, and blue electromagnetic 
energy associated with each discrete location of the source image is measured and 
recorded. 

In electronic scanner applications, the scanner records the color intensity for each 
color optic sensor in a sequence of scan positions until the entire image is scanned. The 
spacing between scan positions is referred to as the scan line pitch. The scan line pitch is 
generally the same as the pixel pitch, i.e., width of the line of detectors, but may vary 
depending on the desired image resolution. The color data relating to each pixel is then 
correlated to produce the digitized image. 

The digitized image often includes imperfections that are not present in the source 
image. One cause of such defects is the optical components of the imaging system. For 
example, in the case of a electronic imagers, the scanning surface or "platen" in the 
electronic imager may contain scratches and other optical path obstructions. Dust, 
fingerprints, and other such debris also causes optical path obstructions. These optical 
path obstructions are digitized along with the real image and appear as imperfections in 
the digitized image. 

Another cause of imperfections is defects within the physical medium of the 
source image. For example, a photograph, film, or other physical medium having an 
image thereon may be scratched, distressed, or deformed despite careful handling. In 
addition, imperfections may arise from foreign matter, such as a hair, dust, and the like 
being deposited on the physical medium while the image is digitized. Thus, even though 
an image is replicated exactly as contained in the physical medium, imperfections may 
still be present in the digitized image. 

One method of removing imperfections from transparent physical mediums, such 
as film, is to transmit infrared (IR) light through the transparent medium to produce a 
defect image. Conventional electronic imagers use the red filtered photodetector or a 
dedicated infrared photodetector for detecting and measuring the infrared light. As a 
result, conventional electronic imagers require two complete scans of the source image. 
The first scan uses conventional light to create a color digitized image. The second scan 
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uses infrared ligh^reate a digitized defect image that isWu to correct the defects in 
the digitized image. A disadvantage of conventional methods is that the infrared scan 
takes the same length of time to complete as the color scan. Accordingly, this method for 
defect correction doubles the duration of the scanning process. 

SUMMARY OF THE INVENTION 

Accordingly, a need has arisen for an improved imaging system. The present 
invention provides a method and system for multi-sensor signal detection that 
substantially reduces or eliminates problems associated with prior systems and methods. 

In accordance with one embodiment of the present invention, an improved 
imaging system for digitizing an object is provided. In this embodiment, the ima°in* 
system comprises an optical sensor array, a visible light source, and an infrared light 
source. The optical sensor array includes at least multiple sets of color sensors that detect 
different colors of visible light. In addition, at least two sets of color sensors operate to 
measure the intensity of infrared light. 

The present invention can be implemented with many different methods for 
employing the three color channels in a trilinear imager to collect the IR defect data. One 
such method collects IR information from each color channel at every third scan position 
of the image. This method also enables defect data to be collected at every scan line. In 
this manner the IR information gathering time is three times faster than in a system using 
only one color channel for gathering IR information. One-pass and two-pass scanning 
methods can be used in this embodiment of the present invention. 

In another embodiment of the present invention, a method for simultaneously 
collecting IR information from each scan line using each color channel (red-green-blue) 
is disclosed. Because this embodiment collects IR information from all three color 
channels for each scan line, three times more defect information about the ima^e is 
captured as opposed to using only one color channel. The additional information can be 
used to increase the clarity of the captured image because it improves the signal/noise 
ratio. 

Other technical advantages will be readily apparent to one skilled in the art from 
the following figures, descriptions, and claims. 
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BRIEF DESCR I^ N OF T HE DRAWINGS ^ 

For a more complete understanding of the present invention and the advantages 
thereof, reference is now made to the following description taken in conjunction with the 
accompanying drawings, wherein like referenced numerals represent like parts, in which: 

FIGURE 1 is a perspective drawing illustrating a computer imaging system in 
accordance with the present invention; 

FIGURE 2 is a perspective drawing illustrating an imaging system in accordance 
with the present invention; 

FIGURE 3 is a block diagram of a scanner using a trilinear imager for scanning 
images and capturing defects according to the present invention; 

FIGURE 4 is a diagram illustrating how a trilinear imager uses a scan pattern with 
red, green, and blue channels in a series of scan positions to capture information for all 
three colors for each scan line in an image according to the present invention; 

FIGURE 5 is a graph showing the spectral response of each filter in a trilinear 
imager according to the present invention; 

FIGURE 6 is a diagram illustrating how a trilinear imager uses three different 
scan positions to capture the three colors for one scan line according to the present 
invention; 

FIGURE 7 is a table illustrating scan positions that record IR information for 
different color channels for each scan line according to the present invention; and 

FIGURE 8 is a flow chart for a two-pass system according to an embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

FIGURES 1 through 8 illustrate an imaging system according to the present 
invention. As described in greater detail below, the imaging system allows an infrared 
defect scan to be performed at a faster rate than conventional systems. In particular, the 
present invention utilizes all of the color sensors in a tri-linear sensor system to obtain the 
infrared defect information. 

FIGURE- 1 illustrates computer imaging system 10 in accordance with one 
embodiment of the present invention. The computer imaging system 10 comprises an 
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electronic scaring, a computer system 14, and an opt ft .atput device 16. Although 
the computer imaging system 10 is illustrated with separate and distinct components, it 
will be understood that the computer imaging system 10 can be integrated into a single 
system, such as a kiosk imaging center. 

As described in greater detail below, the computer imaging system 10 operates to 
digitize a source image 18 to produce a digital image 20 that electronically represents the 
source image 18. The source image 18 may be a scene image, photograph, document, or 
any other suitable object that reflects or attenuates electromagnetic energy, i.e., light. The 
digital image 20 is output from the electronic scanner 12 to the computer system 14. The 
digital image 20 is generally in the form of an electronic data stream or an electronic file 
having four numeric values that correspond to each pixel in the digital image 20. The 
four numeric values describe the measured intensity of the red, green, blue, and infrared 
light for each discrete location of the source image 18. The infrared value allows defects 
to be corrected as shown in the United States Patent Application No. 08/999,421, entitled 
Defect Channel Nulling, having a priority date of January 6, 1997; and United States 

Patent Application No. , entitled Method and Apparatus for Differential- 

Illumination Image Capturing and Defect Handling, filed October 8, 1999, each of which 
is hereby incorporated by reference. 

The computer system 14 may be any suitable computer, such as a personal 
computer using a Pentium microprocessor; a workstation; server; mainframe embedded 
system; discrete logic, and the like. The computer system 14 generally includes memory 
and a graphical user interface that allows the digital image to be viewed, saved, edited, 
electronically mailed, combined with other digital images, or any other suitable use 
according to the needs of a user. An optional output device 16 may be coupled to the 
computer system 14. A typical output device 16 is a printer that allows a digital print 
image 22 to be produced. 

FIGURE 2A is a perspective drawing of the electronic scanner 12 shown in 
FIGURE 1. The electronic scanner 12 is illustrated as an transmissive electronic scanner, 
such as a film, slide, or negative scanner. It will be understood, that the electronic 
scanner 12 may comprise any suitable color imaging device operable to digitize the 
source image 12. For example, the electronic scanner 12 may comprise a reflective 
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electronic scanne^i as a flatbed scanner; a drum type £.;r; a copy machine; and a 
facsimile. 

In the embodiment illustrated, the electronic scanner 12 comprises an optical 
imager 26, a transport system 28, and a processor 30. As described in greater detail 
below, the optical imager 26 operates to illuminate the source image 18 with visible and 
infrared light and measure the intensity of visible colors and infrared for each discrete 
location of the source image 18. 

The transport system 28 operates to move the source image 18 relative to the 
optical imager 26. Various embodiment of the transport system 28 may be implemented. 
For example, in one embodiment, the optical imager 26 is stationary and the source 
image 18 moves, or scans, across the optical imager 26. In another embodiment, the 
source image 18 is stationary and the optical imager 26 scans across the source image 18. 
In yet another embodiment, the source image 18 is stationary and the optical imager 26 is 
rastered across the source image 18. 

The processor 30 receives electronic data signals from the optical imager 26 that 
are used to construct the digital image 20. The processor 30 generally includes an 
analog-to-digital (A/D) converter as well as a signal processor and/or preprocessor. The 
A/D converter converts the electronic data signal to digital signals that can be easily 
processed by the signal processor prior to being output as the digital image 20 to the 
computer system 14. In many applications, the digital image 20 is actually constructed 
within the computer system 14. In these applications, the digital image 20 output to the 
computer system 14 is an electronic data stream that is used by the computer system 14 to 
construct the complete digital image 20. 

Referring to FIGURE 2A, the optical imager 26 includes a visible light source 32, 
an infrared light source 34, optics 36a and 36b, and a sensor system 38. The visible light 
source 32 produces visible light 40, i.e., white light, having a broad electromagnetic 
frequency band. In many applications, the visible light source 32 comprises a flourescent 
light that varies between low intensity and high intensity. The flourescent light source 32 
is generally not turned off as the bulb takes time to warm-up to operating temperatures. 
The visible light source 32 may also comprise other suitable types of white light sources, 
such as halogen, LED's, incandescent, direct gas discharge lamps (xenon). 
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The infrare^^it source 34 operates to produce inf^ light 42. The infrared 
light source 34 is generally a white light source with a infrared filter that is transmissive 
to infrared light. In some applications the infrared light source 34 will incorporate a 
infrared filter with the same light bulb as the visible light source 32. The infrared lioht 
source 34 may also comprise other suitable types of light sources, such as an LED, or 
direct gas discharge lamp. 

The visible and infrared light, 40 and 42 respectively, are focused with optics 28a 
onto the source image 18. The optics 28a may include mirrored surfaces and various 
lenses for directing the light onto the source image 18. In the case of a transmissive 
electronic scanner 12, the light passes through the source image 18 and is attenuated by 
the colors and defects in the source image 18. The light from the source image 18 is then 
collected and focused by optics 28b onto the sensor system 38. The optics 28b generally 
include precision focusing lenses for maintaining the spacial orientation of the light from 
the source image 18. Spacial orientation allows the sensor system 38 to detect the light 
from discrete locations of the source image 18. 

The sensor system 38 generally comprises a trilinear array of sensors 44. As 
described in greater detail below, the sensor system 38 measures the intensity of light 
associated with each color of light from the source image 18. As a simple example, 
assume the color slide of a red kite in a blue sky. The red kite portion of the color slide 
will allow red light to pass through the slide, but will block substantially all of the blue 
and green light. The intensity of. the red light is measured by the sensor system 38. 
Accordingly, the sensor system 38 will measure a high red intensity but a low green and 
blue intensity. Similarly, the blue sky portion of the color slide will allow a substantial 
portion of the blue light and a small portion of the green light to pass through the slide, 
but will block substantially all of the green and red light. Accordingly, the sensor system 
38 will measure a high blue intensity, a relatively low green intensity, and a low red 
intensity. The red, green, and blue intensities vary depending upon the color of that 
portion of the source image 18. 

FIGURE 2B is a perspective cutaway view of the trilinear sensor system 38 of 
FIGURE 2 A. The sensor system 38 comprises a number of sensors 44 arranged in a set 
of three lines 46a/b/c with a glass cover 47 covering the sensors 44. The horizontal 
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spacing between £ .utive lines 46 is known as a pixelQ .4. A pixel refers both to 
a position and to the information gathered at that position by the sensor 44. The vertical 
spacing between sensor lines is known as a sensor line pitch 50 and is typically an integer 
multiple of the pixel pitch 48. Each line 46 is associated with detecting a different color, 
such as red, green and blue. One example of a trilinear imager that is currently available' 
is the Sony ILX724K. 

Each sensor 44 generally comprises a color filter 52 and a photodetector 54. The 
color filter 52 is transmissive to a certain color of visible light and also infrared light. For 
example, the blue line 46a has a blue color filter 52 that allows blue light to pass through 
the color filter 52. The photodetector 54 measures the intensity of blue light striking the 
photodetector 54. The photodetector 54 is generally a charge coupled device (CCD). 
However, other types of photodetectors 54 may be used, such as photoresistors, 
phototransistors, and the like. The color filter 52 is also transparent to infrared light. 
Accordingly, the infrared light 42 transmitted through the source image 18 is measured 
by each of the sensors 44. 

Figure 3 is a functional block diagram of on embodiment of the present invention 
for capturing defect data. Figure 3 illustrates a film scanner 400 that uses a trilinear 
imager 422 to capture the defect data from a transmissive medium, such as film 402 
containing an image thereon. 

Scanner 400 includes coupled elements including a first light source (LS 1) 404 
that produces visible light, and a second light source (LS2) 406 that produces IR light. 
Scanner 400 also includes electronic switches 408 and 410, a power supply 412, a 
transport mechanism 414, a controller 416, a sensor unit 418, and an analog to digital 
(A/D) converter 424. Sensor unit 4 1 8 further includes lens 420 and the trilinear imager 
charge-coupled device (CCD) 422. Within sensor unit 418, lens 420 focuses light 
transmitted through film 402 such that the trilinear imager 422 can detect and capture 
image data. 

Images and defects are captured when light generated by first and second light 
sources 404 and 406 is transmitted through film 402 to the sensor unit 418. Senso^unit 
418 outputs the captured image and defect information to an A/D converter 424, which 
converts to digital image and defect data. The digital data is then transferred through 
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interface 328 to b^>cessed by a computer 326. 

First and second light sources 404 and 406 are prefelbly arranged for separate 
operation such that, during scanning, light from first light source 404 is used to capture an 
image (including defects), while the light from the second light source 406 is used to 
capture the defects on the image. In other words, when light from first (visible) light 
source 404 illuminates film 402, the light transmitted through film 402 and received by 
sensor unit 418 will contain image information, including information on any defects that 
may be present on the surface of film 402. When light from the second (IR) light source 
406 illuminates film 402, the light transmitted through film 402 and received by sensor 
unit 418 will contain information of defects on film 402. 

The first light source 404 generates light when power is applied from the power 
supply 412 via a first electronic switch 408. The second light source 406 generates light 
when power is applied from the power supply 412 via a second electronic switch 410.° 
Electronic switches 408 and 410, which may include transistors and/or relays, are 
regulated by the controller 416 via control lines 436 and 438. 

In addition to controlling electronic switches 408 and 410, controller 416 is also 
coupled to transport mechanism 414 via control lines 430 and 432. This allows controller 
416 to send signals to transport mechanism 414 to control the positioning of system 400 
components during separate operations for capturing image and/or defect information. 
Controller 416 is further coupled to sensor unit 418 via control line 434. Controller 416 
can comprise, for example, a programmable microcontroller such as an MC68HC05 
made by Motorola. 

Transport mechanism 414 preferably responds to commands from controller 416 
by aligning system 400 components for separate operations for capturing image and/or 
defect information. More specifically, a first alignment will preferably provide for 
conventional image capturing, and a second alignment will preferably provide for 
capturing defects, as will be discussed in more detail hereinafter. 

Operationally, controller 416 provides control signals for two separate scan 
cycles. During an "image scan" cycle, image data (including any defects) is captured, 
and during a separate "defect scan" cycle, defect data is captured. During a one-pass 
scan, for example, controller 416 preferably sends first alignment control signals 430 to 
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transport mecha^ + 14 to align sensor unit 418 in a c£ u,nal one-pass manner 
Dunng a two-pass scan, sensor unit 418 is moved in response to first control signals 430 
to a first alignment position. Then, during a defect scan cycle, sensor unit 418 is moved 
m response to second control signals 432 (a reverse scan cycle order can also be used) 
Although a one-pass scan is preferred for expediency, multiple scans can also be used. 

In addition to controlling the alignment of the system 400 components the 
controller 416 can also be used for controlling other components of the present invention 
For example, first and second control signals 430 and 432 can be sent in conjunction with 
first and second control signals 436 and 438 to control electronic switches 408 and 410 
respectively. Controller 416 can also send additional control signals (not shown) such ' 
that, consistent with conventional image scanning, when light is supplied, a sensor is 
activated, and sensed light is captured during a given scan cycle. Alternatively, multiple 
controllers, CPU's, digital signal processors ("DSP's") and/or other data processing 
components can also be used in accordance with the present invention 

It will be apparent to those skilled in the art that other embodiments of the present 
invention are also possible. For example, the computer 426 could be replaced with 
dedicated hardware, and a wide variety of different light source could be used for the first 
light source 404. 

Figure 4 illustrates how a trilinear imager 422 in Figure 3 scans an image 506 on a 
page 510. When the visible light source (LSI) 404 pulses, the trilinear imager 422 
gathers information in a scan pattern 502 simultaneously capturing information for three 
separate scan lines across the image's page through each of the red, green, and blue 
channels. The imager 422 continues capturing information in a series of scan positions 
504 as the visible light source pulses until each scan line of the image has been scanned 
for all three colors. The imager 422 gathers the scanned information for the image 
starting at the first scan line (scan line I). The scanner loads the image starting from scan 
line 1 because the first line of pixels covers all three color channels. Thereafter, each 
subsequent line, such as scan line 2 and scan line 3, are loaded into the scanner. In the 
example provided above, it is assumed that the line spacing between each color channel 
of the scan pattern 502 is 4 lines. In other words, when the red channel is positioned on 
line 1, the corresponding green and blue channels are positioned on lines 5 and 9, 
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respectively. ^ 





Figure 5 is a graph showing the spectral response of each filter in a trilinear 
imager according to the present invention. As shown, the spectral response (y-axis) of 
each filter in the trilinear imager reaches a peak at a wavelength (x-axis) that is associated 
with a particular color. Each filter is also capable of blocking out wavelengths associated 
with certain colors. In addition, each filter used in the present invention is capable of 
responding to wavelengths associated with IR light. Therefore, the present invention can 
use multiple color-filter channels to capture defect information in response to IR light. 

Figure 6 illustrates how the trilinear imager 422 in Figure 3 uses three different 
scan positions to capture information of all three colors for one scan line 710, i.e. scan ' 
line 1, of an image 706 on a page 708, according to the preferred method of the present 
invention. For scan line 710, the information from blue channel is captured during the 
first scan position (position 1), the information from the green channel is capturedlrin* 
the fifth scan position (position 5), and the information from the red channel is captured^ 
during the ninth scan position (position 9). Thus, information for all three color channels 
are captured at different scan positions. 

In the first embodiment of the present invention, a method for collecting IR 
information through at least one color channel for each scan line is disclosed. In this 
embodiment, defect data can be collected at every third scan position to capture 
information about every scan line. Using this method, the IR gathering time is at least 
three times faster than using a conventional scanner having only one color channel for 
detecting IR information. Preferably, the present method can be implemented with a 
scanner having components (hardware and settings) such that the sensor line pitch is not a 
factor of three times the scan line pitch. 

The first embodiment of the present invention can be implemented with either a 
one-pass system or a two-pass system. In the one-pass system, the visible light source 
pulses during the first scan position, and the trilinear imager simultaneously captures 
three separate scan lines of image information across the image's page, one line for the 
red, green, and blue channels. Then, before moving the scanner to the second scan 
position, the IR light source pulses through all three color channels, thus allowing the 
trilinear imager to capture three separate scan lines of defect information across the page. 
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When the scanneQi the second scan position, only the Qe light is allowed to pulse, 
and the trilinear imager captures only the image information for three separate scan lines. 
At the third scan, again only the visible light is allowed to pulse and only image 
information is captured. The fourth scan position is similar to the first scan position 
where the visible light and IR light sources are pulsed in the order set forth above, and 
both image and defect information is captured. At the fifth and sixth scan positions, only 
image information is captured. At the seventh position, both image and defect 
information is captured. The process continues, pulsing the visible light for each scan 
position and further pulsing the IR light every third scan position, until all scan positions 
for the image have been captured. 

Figure 7 is a table illustrating scan positions that record IR information for 
different color channels for each scan line in accordance with the present invention. By 
using all three color channels to capture IR information, the scanner only needs to pulse 
the IR light at every third scan position, for example at scan positions 1, 4, 7, 10, 13, 16, 
and so on, to capture every scan line in an image. For example, for the first scan line, the 
trilinear imager records the IR information through the blue channel at the first scan 
position. For the second scan line, it records the IR information through the red channel 
at the tenth scan position. For the third line, it records the IR information through the 
green channel at the seventh scan position, and so on. At each of these scan positions (I, 
4, 7, 10, 13, 16, etc), the trilinear imager simultaneously records the IR information 
through all three color channels. . At the tenth scan position, for example, it records 
through the red channel for scan line 2, through the green channel for line 6, and through 
the blue channel foi line iO. 

Next, in a two-pass system of the first embodiment of the present invention, a 
visible light source is used to record color information for all the scan lines of the image 
during the first pass. Then an IR light source is used to capture defects during a second 
pass of the image while scanning the image either forward or backward. In the second 
pass, the system moves directly to every third scan position in the series and captures 
defect data, until all the scan lines for the image are covered. For example, the system 
moves to the first scan position, the fourth, the seventh, and so on. As in the one-pass 
system of the first embodiment, the trilinear imager records the IR information through 
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all three color ch£ s simultaneously to eventually gatr£ M t information from 
every scan line in the image. But, unlike the one-pass system where the IR information is 
gathered when the IR light source pulses every third scan position during the first pass, 
the two-pass system captures the IR information every third scan position only during the 
second pass. 

In more detail, Figure 8 illustrates a flow chart of a two-pass system in accordance 
with the first embodiment of the present invention. The scanner pulses a visible light for 
the first scan position in S900, and the trilinear imager records image information. Then 
the scanner moves to the second scan position in S902, and so on until it captures the 
color for the entire image. On the second pass, scanning forward, the scanner pulses an 
IR light for the first scan position in S914, and the trilinear imager records defect 
information through all three color channels. Then the scanner moves to the fourth scan 
position in S916, and the trilinear imager records defect data. This process continues at 
every third position, at the 7 th , 10 th , 13 th , 16 th , and so on. Alternately, the second pass 
could scan backward at every third scan position. 

An alternate method of the first embodiment is to use each color channel 
simultaneously to record IR information at every scan position, but reducing the 
gathering time by one third at each scan position. Thus, the gathering time is three times 
faster than if the scanning was performed at every scan position using the full gathering 
time. Since this alternative method employs three channels to simultaneously gather IR 
information, it gathers the same amount of defect information as the system using the full 
gathering time. After the IR information has been recorded from all three channels, this 
method systematically adds together the recorded values to accurately reflect and identify 
defects. 

Another method of the first embodiment, also not restricted by the sensor line 
pitch, is to alternatively turn on the visible light and the IR light at every nth scan line, 
where n is the number of scan lines that fit into one sensor line pitch. For the next 2n 
scan lines, the scanner only turns on the visible light, and this pattern is repeated for the 
remainder of the page. For example, if the pixel pitch is 800 dpi (1/800 inch) and the 
sensor line pitch is 8 pixels (8/800 inch) and the scanner is scanning at 400 dpi (1/400 
inch), then n is equal to 4 (8/800 divided by 1/400). In this example, the scanner would 
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alternate turning c£ visible light and the IR light for th£ . 4 scan lines. For the 
next 8 scan lines, the scanner would turn on only the visible light. For the next 4 scan 
lines thereafter, the visible and IR lights would alternate. For the next 8 scan lines, the 
scanner would again turn on only the visible light. The same process would continue 
until the end of the page. 

A second embodiment of the present invention uses each RGB color channel 
simultaneously in a multilinear-imager to collect IR information from every scan line. 
Since this embodiment collects IR information from all three channels for every scan line, 
three times as much defect information is captured. The additional information available 
from these three samples can be used to increase the clarity of the captured defect image 
since it improves the signal/noise ratio. 

In a one-pass system in accordance with the second embodiment, the scanner 
pulses a visible light source for the first scan position, and the trilinear imager captures 
image information. Then the scanner pulses an IR light source in the first scan position, 
and the trilinear imager captures defect information. The scanner then moves on to the 
second scan position and again pulses the visible light source to capture image 
information and then pulses IR light source to capture defect information. This process 
continues until all scan positions for the image have been recorded. 

In a two-pass system in accordance with the second embodiment, the scanner 
pulses a visible light source to record image information at each scan position until the 
entire image is covered. Then the scanner makes a second pass over the image, scanning 
either forward or backward, and pulses the IR light at each scan position to record defect 
information. 

Once the present invention has captured defect information, users can employ a 
wide variety of methods to remove the defects from the scanned image, as is known by 
those skilled in the art. 

Although the present invention has been described in several embodiments, 
various changes and modifications may be suggested to one skilled in the art. It is 
intended that the present invention encompass such changes and modifications that fall 
within the scope of the appended claims. 
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